Extended x-ray absorption fine-structure (EXAFS) measurements have been carried out on EXAFS measurements have been carried out at Mn and Ni K-edges and changes associated with respect to the local structure of these absorbing atoms are compared. Significant changes in the nearest neighbour interactions are seen as the system transits to the low temperature martensitic phase. EXAFS provides evidence for local structural distortion even in the cubic phase that is not seen from the x-ray diffraction studies. The results obtained are understood in terms of changing hybridization between the constituent atoms that influence the electronic structure at the Fermi level, associated with the austenitic-to-martensitic transition.
I. INTRODUCTION
Martensitic transformations and its pairing with ferromagnetism has been a central subject for investigation in the recent years. Especially, some intermetallics show simultaneous occurrence of martensitic and magnetic transitions, suggesting the possibility of controlling the structural transformation by magnetic field and could be exploited for practical applications. Such multifunctional materials are classified under rapidly growing technological field of Ferromagnetic Shape Memory alloys (FSMA). Among the variety of FSMA, Ni-MnGa alloys are a recently synthesized class of alloys that have been studied extensively and hence serve as a reference in the development of new systems [1, 2, 3] . The stoichiometric Ni 2 MnGa undergoes martensitic transition around 220 K from a L2 1 cubic phase to a low symmetry modulated structure, while the ferromagnetic transition takes place at 370 K [4] . An interesting aspect of Ni-Mn-Ga alloys is the isothermal giant entropy change obtained when structural and magnetic transition temperatures nearly coincide, leading to a development of new materials exhibiting magnetocaloric effect [5] . The latest candidates in the field of FSMA has been alloys with composition Ni 50 Mn 50−x Z x with Z = In, Sn, Sb [6] . Of particular interest is Ni 50 Mn 50−x Sn x with 0.13≤ x ≤0.15 for which an inverse magnetocaloric effect is observed that is nearly three times larger in comparison to other alloys [7] . This system orders ferromagnetically at a Curie temperature T C ∼ 319 K while martensitic transition occurs at temperature, T M ∼ 200 K [6] . Neutron diffraction experiments on Ni 50 Mn 36 Sn 14 show that the cubic L2 1 structure in the austenitic phase transforms to orthorhombic 4O structure with Pmma space group in the martensitic phase [8] . Studies show that despite structural similarity with Ni 2 MnZ alloys, strong differences in the underlying martensitic and magnetic interactions are seen in Ni 50 Mn 50−x Sn x [9, 10] . For example, while the martensitic transition is absent in the stoichiometric Ni 2 MnSn, these Mn rich alloys exhibit martensitic transition in the wide range of temperature [6] . Further, the magnetic moment of Ni 50 Mn 36 Sn 14 in the martensitic phase is smaller by about 50% than that in cubic phase [10] . Even in the L2 1 phase, the Mn moments are significantly smaller than those reported for the stoichiometric Ni 2 MnZ alloys [8, 11] . It is conjectured that apart from the ferromagnetic order, some antiparallel alignment of the excess Mn moments could exist in Ni 50 Mn 50−x Sn x [8, 9] . Thus an understanding of the local structure in the martensitic and austenitic phases is vital in establishing a complete picture of the transfor-mation mechanics. Therefore, we have carried out extended x-ray absorption fine structure (EXAFS) measurements at Mn and Ni K-edges in the austenitic and martensitic phases of Ni 50 Mn 35 Sn 15 .
II. EXPERIMENTAL DETAILS
A homogeneous bead of Ni 50 Mn 35 Sn 15 was prepared by repeated melting of the appropriate quantities of the constituent elements of 4 N purity under argon atmosphere in an arc furnace. The sample bead so obtained was sealed in an evacuated quartz ampoule and annealed at 800 K for 48 h followed by quenching in cold water. Energy dispersive x-ray analysis that gave the elemental content as: Ni = 50.4, Mn = 34.6 and Sn = 15.0 confirmed the composition of the sample to be close to nominal. The sample bead was cut and thoroughly ground to a very fine powder for x-ray diffraction (XRD) and EXAFS measurements while a small piece of the same bead was used for magnetization study. The room temperature crystal structure was determined by XRD recorded on Rigaku D-MAX IIC diffractometer with Cu Kα radiation. The magnetization measurements were carried out on a Vibrating Sample Magnetometer in the low field value (50 Oe) and in the temperature range 50 to 350 K. EXAFS at Ni and Mn K-edge were recorded at room temperature and liquid nitrogen temperature in the transmission mode on the EXAFS-1 beamline at ELETTRA Synchrotron Source using Si(111) as monochromator. For this, the powder of Ni 50 Mn 35 Sn 15 was coated on scotch-tape strips. These sample coated strips were adjusted in number such that the absorption edge jump gives ∆µx ≤ 1. The incident and transmitted photon energies were simultaneously recorded using gas-ionization chambers as detectors. Measurements were carried out from 300 eV below the edge energy to 1000 eV above it with a 5 eV step in the pre-edge region and 2.5 eV step in the EXAFS region. At each edge, three scans were collected. Data analysis was carried out using IFEFFIT [12] in ATHENA and ARTEMIS programs [13] . Here theoretical fitting standards were computed with ATOMS and FEFF6 programs [14, 15] . The k-weighted χ(k) spectra at Mn and Ni K-edges at room temperature (RT) and liquid nitrogen temperature (LT) are shown in Fig.3 . It can be seen that there are distinct differences in the RT and LT spectra, especially in the k range of 4 to 7Å −1 which can be ascribed to martensitic transformation of the sample. The data in the k range of (2 -12)Å −1 was used for analysis. For XANES, the data was collected from 300 eV below the edge energy to 100 eV above the edge in steps of 5 eV from -300 eV to -50 eV; 0.2 eV from -50 eV to +50 eV and 1 eV for the rest of spectra. Normalization was done by first subtracting the Victoreen instrument background obtained from fitting the pre-edge region (-200 eV to -50 eV) from the all of the raw spectra and then dividing them by respective average absorption coefficients obtained for the spectral region +50 eV to +90 eV.
III. RESULTS
Rietveld refinement of the room temperature XRD data confirms that the sample is highly ordered in the Heusler L2 1 structure with Fm3m space group and lattice parameters . The structure being cubic at room temperature, the correction to the path lengths was refined with a constraint, δR = δr 1 × [R ef f / R nn1 ] where R nn1 is the nearest neighbour distance, kept fixed to 2.5955Å (calculated from the lattice constant), R ef f is the calculated bond length obtained from FEFF and δr 1 is the change in first neighbour distance. The thermal mean-square variation in the bond lengths, σ 2 were varied independently for each path considered in the fit. Such an approach of data analysis has been successfully used for the EXAFS of Ni 2+x Mn 1−x Ga alloys [17] . The present fit gives the first neighbour, Mn-Ni distance equal to 2.549Å which is much shorter than 2.5955Å, the value calculated from the lattice constant. This points towards some disorder at the local level in the cubic structure.
However, no structural disorder is seen either in the XRD profile (refer Fig. 1 ) or in the neutron diffraction study by Brown et.al [8] on Ni 50 Mn 36 Sn 14 system.
In the case of Ni K-edge EXAFS the fitting was carried out in the R-range 1.0 -3.0Å .
The peak in this range of the spectra comprises of Ni-Mn, Ni-Sn and Ni-Ni single scattering paths. The analysis similar to that of Mn EXAFS, with constrainted refinement of δR was carried out. However, this did not result in a good fit. To overcome this situation, δrs' for each of the three scattering paths were varied independently. As can be seen in Fig. 5 , a good fit was obtained for values listed in Table I . It is interesting to note that Ni-Mn bond length is distinctly shorter than Ni-Sn bond length. Further, the Ni-Sn and Ni-Ni bond lengths match closely with the values calculated from the room temperature XRD data.
In the cubic L2 1 structure, the X-site(Ni) is surrounded by four Y-site(Mn) and four Z-site(Sn) atoms at exactly equal distance (Fig. 4(b) ). Therefore a difference in the Ni-Mn Table I were found to give a good fit to the experimental spectra as can be seen from Fig. 7 and 8 . While an increase of 0.02Å is seen in the Mn-Ni bond distance, the first Mn-Sn and Mn-Mn distances shorten to 2.87Å from those obtained in the austenitic phase.
Likewise, the parameters obtained from the analysis of low temperature Ni EXAFS (refer Table I ) show that the Ni-Mn distance indeed increases and is in good agreement with the value obtained from Mn EXAFS. The most significant observation here is that the Ni-Sn distance remains unchanged from its room temperature value. This implies that the low temperature modulated structure is due to an unequal movement of constituent atoms with
Mn moving with a largest amplitude.
IV. DISCUSSION
The EXAFS measurements in the cubic and martensitic phase of Ni 50 Mn 35 Sn 15 bring out an important observation that influence the martensitic transition in this system. Essentially, the present system belongs to the Ni-Mn based ternary Heusler intermetallics having generic formula X 2 YZ. The stoichiometric Ni 2 MnSn is a ferromagnet with T C ∼ 360K but does not undergo any martensitic transformation [11] . The exchange interactions in such
Heusler alloys is mainly due to the indirect RKKY interaction between Mn atoms mediated by the conduction electrons of the system [18] . As Mn concentration is increased in the system, martensitic phase transformation sets in and magnetism gets even more complex. hybridization that leads to Jahn-Teller distortion affecting the density of states at E F and driving the system to a martensitic transition.
V. CONCLUSIONS
In conclusion, the analysis of the EXAFS measurements at Ni and Mn K-edges in the austenitic and martensitic phase provide a possible explanation for the occurrence of marten- The Pmma crystal structure in the martensitic phase wherein the L2 1 type atomic arrangement is visualized. 
